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PHARMACOLOGY LECTURE
March 17, 1960
THE FUNCTION OF NORADRENALINE PRESENT IN THE HEART AND
BLOOD VESSELS. By J. H. Burn, Professor of Pharmacology, Oxford Uni-
versity, Oxford, England.
During the last thirty years, a growing number of observations have
suggested that there are qualitative as well as quantitative differences in
the activity of various sympathomimetic amines. Carlsson, noting that
tyramine failed to show a pressor effect in reserpinized cats, suggested that
tyramine was one of a group of amines which required an "intact adrenergic
system" for its action. It is known that reserpine pretreatment causes deple-
tion of noradrenaline contained in the walls and chromaffin cells of blood
vessels. Tyramine and several other sympathomimetic amines which are
not catechol derivatives such as ephedrine, amphetamine, and phenethyl-
amine lose pressor activity as well as the ability to contract spleen and
nictitating membrane in reserpinized preparations. Conversely, noradre-
naline, adrenaline, dopamine, and phenylephrine have their sympatho-
mimetic actions increased by reserpine pretreatment. When noradrenaline
is infused into these reserpine-treated animals, blood pressure rises, then
subsides. Tyramine given at this time has its sympathomimetic effect
restored, showing that noradrenaline has been taken up from the blood
stream into "stores." At this point also, the effects of catechol amines
return to the normal range. Observations of this kind suggest that the
tyramine group of substances act by the release of noradrenaline from these
stores. A small, continuous discharge of this substance is also suggested
which acts to diminish sensitivity to injected noradrenaline. A relationship
to the hitherto unexplained phenomenon of supersensitivity is apparent.
Such a hypothesis serves to elucidate certain unexplained autonomic
effects: nicotine, for example, contracts the nictitating membrane, such
contraction not occurring if the animal has been treated with reserpine.
Similarly, acetylcholine causes splenic contraction only in the presence of
intact sympathetic fibers to the spleen, for if the sympathetic fibers degen-
erate as a result of section, the store of noradrenaline disappears. Such
findings suggest the presence of cholinergic mechanisms operating in the
sympathetic supply to release a stored quantity of the traditionally adre-
nergic transmitter. Are these cholinergic neurones the dark-staining cells
seen in the superior cervical ganglion? How is the connection made with
chromaffin tissue in the periphery? These and many other questions remain
to be answered.
D.M.B.
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CONDUCTION IN NONSTRIATED MUSCLE. By C. Ladd Prosser, Depart-
ment of Physiology, University of Illinois, Urbana.
Studies of nonstriated muscle reveal that the time constants for muscular
contraction differ over several orders of magnitude. Histological differ-
ences, such as fiber length, are insufficient to account for these differences.
Similarly, the slight differences in contractile proteins and metabolism are
insufficient. The greatest variations are in the mode of conduction of the
contractile stimulus. These are: (1) nervous activation, (2) cell to celi
stretch, and (3) cell-to-cell electrical conduction.
Among the invertebrates, only (1) and (2) are found. In the protractor
muscle of Golfingia two action potentials can be demonstrated, and two
types of ramifying nerves have been shown to innervate the length of the
muscle. There is no propagation of the impulse in the muscle itself and
conduction is solely by means of nervous activation. It can also be shown
that the retractor muscle of Thione has a nervous basis of conduction.
Indeed, it may be generalised that for all postural nonstriated invertebrate
muscles, conduction is entirely nervous. The visceral muscles of Golfingia,
on the other hand, are activated by mechanical stretch, conducted from cell
to cell.
Vertebrate nonstriated muscle, or smooth muscle, conducts by electrical
potentials between cells. In the 6-12-day chick amnion no nerves have been
found which could conduct and in the ureter of the rat nervous impulses
move at a different rate than the conduction velocity. Attempts to find a
chemical transmitter have failed and evidence of a more general nature
upholds the view that chemical activation is not functioning. Electron
microscopy has failed to show any protoplasmic continuity between cells.
Mechanical stretching also does not activate these muscles. An inverse
correlation between speed of conduction and extracellular space supports
the conclusion that conduction in vertebrate smooth muscle is by electrical
potentials moving from cell to cell. This means of conducticn is unique to
the vertebrates; thus, the term "smooth muscle" should be applied only to
vertebrate nonstriated muscle. True smooth muscle is thought to be an
evolutionary invention of the vertebrates alone.
TRACY L. SIMPSON
April 25, 1960
CHICK EPIDERMAL DIFFERENTIATION: in situ AND in vitro IN CHEMI-
CALLY DEFINED MEDIA. By Norman K. Wessells, Department of Zoology,
Yale University.
The differentiation of embryonic chick shank epidermis was studied in
situ and in vitro using chemically defined media. The normal skin was
examined with regard to morphology, birefringence, trypsin resistance,
SH-SS and RNA distributions, and other histochemical procedures. The
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response of cultured skin was investigated in relation to the sulfur-contain-
ing components of the nutrient media.
Fibrous elements of the keratin system are present in abundance in the
subperidermal cell layer and in some of the outer squamous cells at 16 days
in ovo. These tonofibrils are birefringent, show resistance to trypsin diges-
tion, and are associated with large quantities of SH groups.
Cornification occurs in the outer regions between days 16 and 17. Nuclei,
lateral cell boundaries, tonofibrils, and granular cytoplasmic components all
disappear. A glassy matrix with high SS content takes their place.
In a basal medium (derived from Waymouth, 1959), 12-day explants
normally develop to the tonofibril 16-day stage. One group in the basal
medium and one-third of those explants cultured on raised methionine
concentrations underwent cornification. Development to the tonofibril stage
was normal when (1) exogenous cysteine and cystine were eliminated, and
(2) all major sulfur suppliers, except methionine, were omitted. Quantities
of cornified material were reduced in both cases. Methionine, an essential
amino acid for the shank skin, could not be replaced with Norleucine or the
a-OH analogue. Homocysteine, as a methionine substitute, permitted sur-
vival, but development only to the 14-day stage; when serine also was
present, some explants formed tonofibrils.
Explants showed normal birefringence, trypsin resistance, and SH
content, regardless of the culture medium employed. RNA and SS contents
were abnormal.
N. K. W.
May 9, 1960
THE STABILITY in sttro OF EMBRYONIC CHICK THYROID CELLS. By
S. Robert Hilfer, Department of Zoology, Yale University.
The thyroid was chosen to test stability of morphological and physio-
logical characters in vitro because of its distinct characteristics of differen-
tiation-follicular structure, colloid-containing glycoprotein, hormones, and
precursors. Glands of 16-day chick embryos were dissociated with trypsin
and versene to destroy tissue organization. Culttures were prepared by re-
aggregating the cell suspensions thus produced and culturing on lens paper
rafts at the air-medium interface, or by further disorganizing the cells in
spreading culture before reaggregating and placing in organ-type culture.
Glycoprotein was detected with the periodic acid Schiff reaction and the
iodinated compounds were separated by standard chromatographic pro-
cedures and visualized with the ceric sulfate arsenious acid reagent.
New follicles containing glycoprotein appeared in aggregates of freshly
dissociated cells; these cultures contained thyroxin and its precursors.
During spreading, on the other hand, the precursors and glycoprotein were
still contained within the cells, but thyroxin was lost and no follicles
formed. After reaggregation and organ culture, the cultures still contained
no follicles or hormone. TSH treatment had no visible effect on these two
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characters but did increase the rate of glycoprotein formation in both types
of aggregates. When fibroblast cultures from thyroid capsule were reaggre-
gated in combination with spreading epithelium, however, large amounts
of extracellular colloid and some follicles appeared, but thyroxin was still
absent.
N. K. W.
May 16, 1960
STUDIES ON MORPHOGENESIS IN A CILIATE, Glaucoma chattoni. By
Joseph Frankel, Department of Zoology, Yale University.
The techniques of silver impregnation and of digitonin solubilization
have been applied to an investigation of aspects of cortical morphogenesis
in Glaucoma chattoni. The typical stages of the formation of new oral areas
(stomatogenesis), as well as of other related surface events, are described in
detail. Estimates were made of the relative and absolute durations of these
stages; these estimates indicate that for animals growing at 250 C. in bac-
terized culture, stomatogenesis and cell division together occupy about
one-third of the division cycle. The process of increase in number of
kinetosomes along certain kineties has been submitted to extensive study.
The bulk of this increase occurs not during the period of stomatogenesis
and cell division, but rather during the remaining two-thirds of the division
cycle. Data relevant to this increase reveal that the probable phases of most
rapid kinetosomal increase, along kinety 1 at least, occur just after division
and just before the beginning of stomatogenesis.
Individuals of Glaucoma chattoni were immobilized in a microcompres-
sion chamber, and their oral areas were irradiated with an ultraviolet
microbeam. The damaged oral areas that resulted gradually disappeared,
and were replaced by the differentiation of a new oral primordium. This
process could be made to take place at all parts of the division cycle. It
could also be provoked several times in succession in the same animal. In
dividing animals, severe compression alone was sufficient to damage the
existing oral area and stimulate oral replacement.
Study with the digitonin solubilization method revealed that new regen-
eration primordia appear at the anterior end of kinety 1 and follow a pattern
of differentiation identical to that which occurs during the formation of new
oral areas prior to division.
Irradiation of oral areas of dividing animals or of animals just about to
begin division failed to prevent division from going to completion, while
irradiation at a slightly earlier stage frequently induced fisson blocks such
that if a division furrow formed, it subsequently regressed. Following such
regression, animals came to possess a single macronucleus and either one
or two sets of cytoplasmic organelles.
N. K. W.
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May 20, 1960
THE DEVELOPMENTAL PHYSIOLOGY OF A FEMALE STERILITY MUTANT
IN Drosophila. By Winifred Doane, Department of Zoology, Yale Uni-
versity.
An analysis was made of relationships between developmental and
physiological characteristics of the recessive mutant female sterile (2)
adipose, located at 2.83± on Chromosome II of Drosophila melanogaster.
Controlled homozygous and heterozygus genetic backgrounds were used as
an experimental technique. Cytological abnormalities in eggs laid by homo-
zygotes are described, including a maternal age effect that superimposes a
"yolk-deficiency syndrome" on a basic cytoplasmic cause of lethality. This
maternal effect is eliminated in one of the genetic backgrounds, along with
reduced longevity and fecundity typical of mated adp/adp females.
Larval manifestations include prolonged development, storage of excess
reserves, and an effect on ovarian size. Homozygotes, and to a lesser degree
heterozygotes, are characterized by enlarged adult fat bodies. Homozygotes
store almost twice as much fat as normal and iodine number determinations
show greater saturation in their total body lipids. Larval and adult trans-
plantations indicate that normal ovarian implants inhibit fat storage by
adipose females but mutant implants do not. Implanted corpus allatum-
complexes do not alleviate the mutant fat condition, and injury tends to
exaggerate it. The corpus allatum hypertrophies in mated adipose females
but not in virgins or males. This condition is unstable and alleviated by
implanted wild type ovaries or by injection of Ringer solution into adults.
Effects of age, mating, starvation, and other factors on adult corpus allatum
size were analyzed in mutant and wild types. Sterility of adipose ovaries is
autonomous and wild type ovaries develop normally in mutant hosts.
A theory is presented that suggests a hormone released by normal ovaries
partially regulates fat utilization in conjunction with reproductive activities
of females. This hormone, deficient in adipose, may also influence corpus
allatum activity.
Adipose adults utilize their fat during starvation, affording a selective
advantage to heterozygotes and homozygotes. A selective advantage under
desiccation is displayed by heterozygotes. Evidence suggests that adipose
persists in natural populations in a balanced polymorphic state.
WINIFRED DOANE
PATHOLOGY SEMINAR
May 19, 1960
SYNTHESIS OF COLLAGEN. By Gabriel C. Godman, Columbia University.
Studies employing tissue culture techniques and electron microscopy
throw new light on the origin of the intercellular matrix of connective
tissues. In the former experiments, fibroblasts from a variety of sources,
when cultured under constant growth-promoting conditions, produced large
quantities of acid mucopolysaccharides; all cell populations manufactured
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the same molecular pattern (ca. 70 per cent hyaluronic acid, less condroitin
sulfate). These same fibroblasts in situ would each have produced a differ-
ent characteristic pattern, and one that would vary with the stage of tissue
differentiation. With nongrowth promoting conditions the specific produc-
tion of the acid mucopolysaccharides fell, thus indicating that population
growth and AMPS production are directly related.
Electron micrographs of developing rat cartilage cells indicate that both
periodic fibrous structures (ca. 80 A repeat distance) and various non-
fibrous inclusions of the cartilage matrix are derived from intracellular
constituents. During ontogeny, as the intercellular clefts increase in area and
the endoplasmic reticulum and Golgi apparatus become definitive in the
cells, electron dense areas can be found both within the surfaces of the
chondroblasts and extending out into the matrix. The areas are composed
of parallel arrays of filaments (60-80 A diam.), some of which display
80A periodicity. These filaments are thought to give riseto the matrix fibers
(ca. 150 A diam.), perhaps by acting as accretion centers for tropocollagen
molecules.
Within the chondroblasts are large, clear "pools" that are surrounded by
double membranes. Inside these clear areas are found amorphous or granu-
lar inclusions, occasional mitochondria, or endoplasmic reticulum-type
vesicles. All of these entities may be discharged into the cartilage matrix
via large holes that apparently develop in the cell surface. Similar pools,
sometimes in the process of discharging, may be discernible in mature
chondrocytes.
N. K. W.
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